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(57) ABSTRACT 

The present invention relates to a method for visually sup 
porting an electrophysiological catheter application in the 
heart, in Which, during the execution of the catheter applica 
tion, 2D ?uoroscopy images (13) of the area of the heart being 
treated are recorded With an x-ray image recording system (5) 
and displayed together With 3D mapping data (14) of the area 
being treated, said 3D mapping data having been prepared 
simultaneously. A feature of this method is that the 2D ?uo 
roscopy images (13) are registered With the 3D mapping data 
(14), and said 3D mapping data (14) is displayed, from the 
same perspective as the 2D ?uoroscopy images (13), along 
side said 2D ?uoroscopy images (13) or image content 
derived from these (14), or is superimposed over them in the 
display. 

28 Claims, 7 Drawing Sheets 
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METHOD AND DEVICE FOR VISUALLY 
SUPPORTING AN 

ELECTROPHYSIOLOGICAL CATHETER 
APPLICATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to the German application 
No. 10 2004 020 587.6, ?led Apr. 27, 2004 Which is incorpo 
rated by reference herein in its entirety. 

FIELD OF INVENTION 

The present invention relates to a method for visually sup 
porting an electrophysiological catheter application in the 
heart, in Which, during the execution of the catheter applica 
tion, 2D ?uoroscopy images of the area of the heart being 
treated are recorded With an x-ray image recording system 
and displayed together With electroanatomical 3D mapping 
data of the area being treated, said 3-D mapping data having 
been prepared simultaneously. The invention also relates to a 
device for implementing this method. 

BACKGROUND OF INVENTION 

The treatment of cardiac dysrhythmias has changed sig 
ni?cantly since the introduction of the technique for catheter 
ablation by means of high-frequency current. In this tech 
nique an ablation catheter is introduced under x-ray monitor 
ing into one of the ventricles, via veins or arteries, and oblit 
erates the tissue causing the cardiac dysrhythmias by means 
of high-frequency current. For catheter ablation to be com 
pleted successfully, it is necessary for the cause of the cardiac 
dysrhythmia to be precisely localiZed in the ventricle. This 
localiZation is effected by means of an electrophysiological 
investigation, in Which electrical potential is recorded With 
spatial resolution by means of a mapping catheter introduced 
into the ventricle. This electrophysiological investigation, 
knoWn as electroanatomical mapping, thus produces 3D map 
ping data that can be displayed on a monitor. The mapping 
function and the ablation function are therefore often com 
bined in a single catheter, so that the mapping catheter may 
also function simultaneously as an ablation catheter. 
A knoWn electroanatomical 3D mapping method, as may 

be implementedifor exampleiWith the CARTO system by 
the company Biosense Webster Inc., USA, or the ENSITE 
3000 system by the company Endocardial Solutions Inc., St. 
Paul, USA, is based on electromagnetic principles. Three 
different magnetic alternating ?elds With loW intensity are set 
up under the examination table. By means of electromagnetic 
sensors integrated in the tip of the mapping catheter it is 
possible to measure the voltage changes Within the magnetic 
?eld that are induced by catheter movements, andiWith the 
help of mathematical algorithmsito calculate the position of 
the mapping catheter at any point in time. By point-by-point 
mapping of the endocardial contour of a ventricle using the 
mapping catheter, With simultaneous recording of electrical 
signals, an electroanatomical, three-dimensional map is pro 
duced in Which the electrical signals are displayed With color 
coding. 

In addition to electroanatomical 3D mapping systems of 
this type, there are also intracardial localiZation systems such 
asifor exampleithe Localisa system by the company 
Medtronic, Minneapolis, USA, Which use localiZation of the 
catheter and design of a 3D image of the examined ventricle. 
The data obtained using a localiZation system of this type is 
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2 
also referred to in the patent application as 3D mapping data, 
since it delivers a comparable 3D image of the examination 
area. 

SUMMARY OF INVENTION 

During the ablation procedure, the catheter is guided With 
the help of simultaneously recorded ?uoroscopy images or 
real-time display of the 3D mapping data. The cardiological 
anatomy of the patient, including the cardiac vessels, cannot 
be mapped in detail in the 2D ?uoroscopy images. Even the 
orientation to the displayed 3D mapping data does not guar 
antee that the ventricle surface generated from this data cor 
responds exactly to the anatomical conditions, since this 
Would require the endocardial surface to be mapped very 
closely on a point-by-point basis. The additional anatomical 
image information of the 2D ?uoroscopy images is still avail 
able during the mapping procedure, but can only be used to a 
limited extentiif at allisince the operation of the mapping 
system demands the electrophysiologist’s undivided atten 
tion, so that he or she is not usually able to accurately capture 
the relationship betWeen the displayed 3D mapping data and 
the simultaneously displayed 2D ?uoroscopy image. The 
acquisition of 3D mapping data therefore often results in the 
generation of a surface of the endocard in the ventricle to be 
treated, Which only approximately corresponds to the actual 
anatomy of the ventricle, because anatomically relevant sur 
face points of the endocard are not suf?ciently mapped. 

Furthermore, for reasons of cost and practicality, in many 
cases only the ablation catheter With the position sensors is 
displayed relative to the mapped endocard surface on the EP 
mapping system monitor. It Would be desirable, however, for 
all catheters used to be displayed, in particular the loop of the 
lasso catheter WhIChiIII a pulmonary vein isolation pro 
cessiis ?xed in the ostium of the pulmonary vein to be 
isolated, as an aid to the process. 
The tWo older, subsequently published patent applications 

from N. Rahn et al. 103 40 546.1 and 103 40 544.5 disclose 
methods for improving the orientation of the electrophysiolo 
gist in the performance of the catheter ablation. In these 
methods, cardiological 3D image data of the examination 
area is generated by means of an imaging modality before the 
catheter application. This 3D image data is superimposed 
positionally and topographically over the 3D mapping data 
during the catheter application, providing the observer With 
additional anatomical image information. HoWever, this 
requires a 3D imaging procedure to be available in the exami 
nation lab. Furthermore, even this method only alloWs the 
catheter carrying the corresponding position sensors to be 
displayed on the screen. 
On the basis of these problems, an object of the invention is 

to provide a method and device for visually supporting an 
electrophysiological catheter application in the heart, Which 
facilitates improved orientation during the guidance of the 
catheter in the catheter application, particularly during elec 
troanatomical mapping and/ or a catheter ablation. 
The object is achieved by the claims. Advantageous 

embodiments of the method and device are described in the 
dependent claims or may be obtained from the folloWing 
description and the exemplary embodiments. 

In this method for visually supporting an electrophysi 
ological catheter application in the heart, during the execution 
of the catheter application 2D ?uoroscopy images of the area 
of the heart being treated, for example a ventricle, are 
recorded With an x-ray image recording system and displayed 
together With 3D mapping data of the area being treated, said 
3D mapping data having been prepared simultaneously. A 
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feature of this method is that the 2D ?uoroscopy images are 
registered With the 3D mapping data, and said 3D mapping 
data is displayed, from the same perspective as the 2D ?uo 
roscopy images, in addition to said 2D ?uoroscopy images or 
image content derived from these, or is superimposed over 
them in the display. The same perspective here means the 
same mapping perspective, i.e. on the same scale and vieWed 
from the same direction. The 3D mapping data may be 
obtained in this context by means of an electroanatomical 3D 
mapping system or an intracardial localization system. A 
monoplane or biplane C-arm system is preferably used for 
recording the 2D ?uoroscopy images. This system is particu 
larly suited to catheter applications of this type oWing to the 
improved accessibility to the examination area. 
By registering the recorded 2D ?uoroscopy images With 

the 3D mapping data, and displaying them together, from the 
same perspective, the relationship betWeen the tWo images 
can immediately be seen by the electrophysiologist. This is 
certainly true if 3D mapping data is displayed separately 
alongside the corresponding 2D ?uoroscopy images on a 
separate display, but is even more so, hoWever, if the tWo 
images are displayed superimposed, as this enables the 
observer to see immediately Which areas are not yet su?i 
ciently recorded With the mapping system. A further advan 
tage of the present invention is that the 2D ?uoro scopy images 
also shoW the relevant current positions of all catheters and 
components located in them. 

In one embodiment of the invention, the same display 
perspective may be achieved for a prede?ned position of the 
x-ray image recording system or a prede?ned 2D ?uoroscopy 
image, by rotating the display of the 3D mapping data so that 
it shoWs the same perspective. In an alternative embodiment, 
the display is selected by the operator by interactively rotating 
the 3D mapping data, and the image recording system is 
controlled so that a 2D ?uoroscopy image is thus recorded 
from the same perspective. The 3D mapping data and the 2D 
?uoroscopy images are therefore preferably recorded in the 
same phase of the cardiac cycle, to avoid inaccuracies as a 
result of cardiac movement. This synchronization With regard 
to the cardiac cycle phase can be achieved by timing the 
image recording system and the mapping system by means of 
the same ECG trigger unit. 

The device for implementing this method therefore com 
prises one or more interfaces for input of the 3D mapping data 
and the image data from the 2D ?uoroscopy images, a regis 
tration module for registering the 2D ?uoro scopy images With 
the 3D mapping data, and, connected to the registration mod 
ule, a display module that simultaneously displays the output 
data of the 3D mapping data, side-by-side or superimposed, 
With the corresponding 2D ?uoroscopy image, from the same 
perspective, so that it can be vieWed on a display unit, in 
particular a monitor. The device may therefore be con?gured 
as a component of the mapping system or of the image record 
ing system, or even as a standalone device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present method and the device operating according to 
it are explained again beloW in greater detail, With reference 
to the exemplary embodiments in conjunction With the draW 
ings, in Which: 

FIG. 1 shoWs an example of the simultaneous triggering of 
an x-ray image recording system and an EP mapping system 
for implementing this method; 

FIG. 2 illustrates the parameters necessary in the 2D/3D 
registration according to this method; 
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4 
FIG. 3 shoWs an example of the registration process 

according to an exemplary embodiment of this method; 
FIG. 4 illustrates the registration of landmark pairs by 

recording a surface point With the EP mapping system; 
FIG. 5 shoWs tWo examples illustrating the superimposi 

tion of 3D mapping data and a 2D ?uoroscopy image or image 
content derived therefrom; 

FIG. 6 shoWs an example of the variation in the display of 
3D mapping data as a function of the position of the image 
recording system; and 

FIG. 7 shoWs an example of the control of the image 
recording system When the display of the 3D mapping data is 
changed interactively. 

DETAILED DESCRIPTION OF INVENTION 

FIG. 1 schematically illustrates a part of an EP mapping 
system 1 With a recording unit 2 for the 3D mapping data, 
Which is connected to an analysis and image-processing unit 
3 for displaying the captured data on a screen 4. Furthermore, 
by Way of example, an x-ray system 5 in the form of a C-arm 
system is shoWn, said x-ray system having an image system 6 
for providing the 2D ?uoroscopy images. The C-arm system 
5 comprises the C-arm 7, an x-ray source 811, and x-ray 
detector 8b. In the knoWn method, the C-arm 7 is designed 
such that it can be rotated about several axes. In this example 
an ECG is recorded from the patient, by means of an ECT 
recording system 9, during the catheter application. The ECG 
recording system 9 has a trigger output 10, Which is con 
nected to corresponding trigger inputs 11 on the image sys 
tem 6 of the x-ray system 5 and to the recording unit 2 of the 
EP mapping system 1. This ECG triggering enables both the 
3D mapping data and the 2D ?uoroscopy images to be 
recorded, as shoWn in the displayed ECG in the loWer part of 
the diagram, at a prede?ned phase in the cardiac cycle, as 
indicated by the circles at the foot of the diagram in the 
illustrated ECG. In this Way, any interruption to the image 
recording or display caused by cardiac movement is avoided. 

To implement this method, a 2D-3D registration of the 2D 
?uoroscopy images With 3D mapping data is required. This 
registration may be effected by knoWn registration methods 
using the registration module 17 of the device, Which is 
shoWn in schematic form in FIG. 1. In this example, the 
device comprises an interface 16 for inputting the 3D map 
ping data 14 and the image data from the 2D ?uoroscopy 
images 13, the registration module 17 for registering the 2D 
?uoroscopy images 13 With the 3D mapping data 14, and, 
connected to the registration module, a display module 19 
that simultaneously displays the output data of the 3D map 
ping data 14, side-by-side or superimposed, With the corre 
sponding 2D ?uoroscopy image 13, from the same perspec 
tive, so that it can be displayed on the monitor 4. A 
segmentation module 18, Which can extract a contour of the 
ventricle Wall from the x-ray images 13, is also shoWn in this 
example as a component of the registration module 17. This 
device may be con?gured as a component of the mapping 
system or of the image recording system, or even as a stan 
dalone device. 
The result of each 2D-3D registration is a projection 

matrix, Which enables eachpixel of the 2D ?uoroscopy image 
to be precisely allocated to a 3D point in the 3D mapping data. 
This projection matrix can therefore be used for displaying 
the 3D mapping data With the same position and orientation as 
the 2D ?uoroscopy image, and for superimposing the tWo 
displays as required. 

FIG. 2 illustrates the relationships in the 2D-3D registra 
tion. In this case, 1 1 degrees of freedom must be estimated for 
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the projection matrix P. These 11 degrees of freedom corre 
spond to 5 intrinsic parameters for each of the potential C-arm 
positions and 6 extrinsic parameters for the allocation of the 
coordination systems of the 3D mapping system and the x-ray 
image system. This projection matrix P is thus composed of a 
calibration matrix K for the image system, a rotation matrix 
R, and a translation matrix T: 

f/dx f>l<S 140 O rll r12 r13 [1 

0 d v 0 r21 r22 r23 [2 
P = K *R* T = f/ y 0 * 

O O l O r31 r32 r33 [3 

O O O l O O O l 

The diagram illustrates the perspective mapping of a 
cuboid, representing the 3D mapping data, onto a tWo-dimen 
sional image, representing the 2D ?uoroscopy image. As a 
result of the projection, a spherical volume Within the cuboid 
appears as a circle in the 2D image. The mapping can be 
calculated by the projection matrix P. 
At the start of the mapping process, When only a very feW 

surface points have been captured With the help of the EP 
mapping system, a landmark-based registration must be car 
ried out since the surface of the 3D mapping data is as yet 
inadequately represented. Once a suf?cient quantity of sur 
face points of the mapping data is available, and the surface of 
the mapping data is adequately represented, the surface-based 
registration can be implemented. The result of the previous 
landmark-based registration can thus be used as a rough ini 
tial starting value for the surface-based registration. This pro 
cedure is illustrated in FIG. 3. 

If the patient moves during the procedure, the projection 
matrix must be recalculated. This recalculation may be car 
ried out by repeating the landmark-based or surface-based 
2D-3D registration. Alternatively, the translation and rotation 
parameters required for recalculating the projection matrix 
may also be captured With the help of a position and orienta 
tion sensor attached to the patient. 

Generally speaking, the projection matrix Will also need to 
be recalculated if the C-arm is rotated or if the patient table is 
moved. This recalculation can likeWise be carried out by 
repeating the landmark-based or surface-based 2D-3D regis 
tration. Alternatively, the translation and rotation parameters 
required for recalculating the projection matrix may be cap 
tured in this case With the help of position and orientation 
sensors attached to the patient table and C-arm. 

In the landmark-based 2D-3D registration, at least 4 land 
marks are started, With the catheter, in the immediate vicinity 
of the ventricle to be treated or directly in the ventricle, and 
are thus identi?ed in both the 2D ?uoroscopy image and the 
3D mapping data. If the position of the catheter can be auto 
matically detected in the 2D ?uoroscopy image With the help 
of a pattern detection algorithm, then the landmarks can be 
identi?ed solely by operator interaction on the EP mapping 
system by recording an surface point. This may be seen in 
FIG. 4, Which shoWs the position of the tip of the mapping 
catheter 12 in the 2D ?uoroscopy image 13. If a landmark is 
started With this catheter, then the position of the catheter tip 
can be identi?ed in the 2D ?uoroscopy image 13 using the 
pattern detection process at the same time at Which the posi 
tion of this landmark is captured With the EP mapping system 
1. This position is transferred to the EP mapping system 1, as 
indicated by the arroW. By recording the 3D position of a 
landmark using the EP mapping system, the 2D position is 
stored simultaneously in the 2D ?uoroscopy image. FolloW 
ing the identi?cation of 4 corresponding landmarks in both 
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6 
the 3D mapping data and the 2D ?uoroscopy image, a pro 
jection matrix is automatically de?ned Which can be used to 
allocate each pixel of the 2D ?uoroscopy image precisely to a 
3D point in the 3D mapping data. Of course, the catheter 
detection may also be carried out interactively by the operator 
in the 2D ?uoroscopy image, if it cannot be done automati 
cally. 

Essentially, easily identi?able anatomical points are pref 
erably used as landmarks for registration, such asifor 
exampleithe superior vena cava, the inferior vena cava, 
fossa, coronary sinus, the tricuspid valve in the right atrium or 
the 4 pulmonal veins and the mitral valve in the left atrium. 

If the contour of the ventricle to be treated can be extracted 
from the 2D ?uoroscopy image, then these contour points can 
be registered With the captured surface points of the 3D map 
ping data, in order thus to determine the parameters of the 
projection matrix. Since the contour of the ventricle cannot in 
practice be extracted from pure x-ray images, since the con 
trast is insuf?cient, an x-ray acquisition may be effected 
immediately after the injection of a contrast medium for the 
purpose of contour de?nition. The contrast medium injection 
enables part of the ventricle being treated, or the complete 
ventricle including vessels leading to or from it, to be mapped 
With higher contrast. It is therefore possible, for example, for 
only part of the left atrium, including a branched pulmonal 
vein, to be displayed With an x-ray acquisition folloWing a 
contrast medium injection, or for the complete left atrium, 
including the 4 pulmonal veins, to be enhanced by means of 
a contrast medium and for the corresponding contours to be 
extracted from the 2D ?uoroscopy image. 

With the surface-based registration, and particularly in the 
point-to-point registration used in it, a structurally signi?cant 
part of the ventricle to be treated is suf?cient in order to carry 
out the registration. It is therefore necessary only to be able to 
extract any part of the contour from the 2D ?uoroscopy 
image, and not the entire contour of the ventricular endocard, 
including vessels. 

Another highly advantageous technique for registration, as 
may be used in this method, is the calculation of the intrinsic 
parameters of the projection matrix by o?line calibration of 
all C-arm positions and orientations. These 5 intrinsic param 
eters of the projection matrix may be obtained by calibration 
on a one-off basis or repeatedly as required. The calibration 
may be effected using a suitable calibration phantom With 
x-ray marks. Once calibration is complete the intrinsic 
parameters are knoWn for every potential C-arm position and 
orientation, so that a one-off landmark-based or surface 
based 2D-3D registration is then su?icient in order to deter 
mine the 6 extrinsic parameters that then describe the rela 
tionship betWeen the 3D coordinates system of the mapping 
system and the 3D coordinates system of the C-arm system. 
This preliminary calibration thus avoids the need to estimate 
all 1 1 degrees of freedom of the projection matrix again after 
each movement of the C-arm. 

In one particularly advantageous embodiment of this 
method, both the intrinsic and the extrinsic parameters of the 
projection matrix are calculated in advance by o?line calibra 
tion of all C-arm positions and orientations, andiin addi 
tioniby determination of a ?xed relationship betWeen the 
3D coordinates system of the EP mapping systems and the 3D 
coordinates system of the C-arm system. Thus, for example, 
if the CARTO EP mapping system is used, the relationship 
betWeen the tWo 3D coordinates systems is determined by 
capturing the geometrical arrangement of the under-bed 
transmission coils, and calculating a transformation betWeen 
the 3D coordinates system of the CARTO system and the 3D 
coordinates system of the C-arm system from this. If a refer 
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ence position and orientation sensor is also used during the EP 
procedure on the patient, as is normally the case in the afore 
mentioned EP mapping system, the position and orientation 
information of the reference sensor can also be taken into 
account in the transformation. 

The last-mentioned C-arm of?ine calibration and the deter 
mination of the ?xed relationship betWeen the 3D coordinates 
system of the EP mapping system and the 3D coordinates 
system of the C-arm system enable the l 1 degrees of freedom 
of the projection matrix to be determined, Without operator 
interaction, after acquisition of the relevant current C-arm 
position and orientation. In this case, accordingly, the 2D-3D 
registration may be effected during the EP procedure com 
pletely automatically, by a processing unit, Without any 
action by the operator. 

The aforementioned registration enables the 2D ?uoros 
copy image to be displayed together With the 3D mapping 
data on the monitor of the EP mapping system, With the same 
orientation, side-by-side or superimposed. The same orienta 
tion is obtained by applying the projection matrix to the 3D 
mapping data. The orientation of this 3D mapping data is thus 
altered such that it corresponds to the vieWing direction from 
Which the 2D ?uoroscopy image Was recorded. A superim 
posed image display obtained in this Way can be seen on the 
left of FIG. 5 by Way of example. The surface points 14 of the 
3D mapping data are thus stored With the 2D ?uoroscopy 
image 13, in Which the left inferior pulmonal vein, including 
branches, can be seen folloWing the contrast medium injec 
tion. This is indicated by the arroW. In this Way the operator 
can decide immediately Whether further surface points 
around the pulmonal vein visible in the x-ray image should be 
captured With the EP mapping system, in order to display the 
anatomy in this area accurately. 

If the contour of the ventricle to be treated can be extracted 
from the 2D ?uoroscopy image, for example folloWing inj ec 
tion of a contrast medium, it is therefore possible for just the 
contour of the 2D ?uoroscopy image to be superimposed over 
the display of the 3D mapping data, as illustrated on the right 
of FIG. 5. Here, too, the 3D surface points 14 of the 3D 
mapping data can be identi?ed. The extracted contour 13 of 
the left atrium, including tWo pulmonal veins, is superim 
posed on these. The stored contour of the left atrium enables 
the operator to decide Whether further surface points should 
be captured With the EP mapping system in order to capture 
the anatomy in accordance With the actual contour. 

If vieWs of the 3D mapping data other than the vieW from 
the recording direction of the current 2D ?uoroscopy image 
are to be displayed in combination, for each of these displays 
an additional 2D ?uoroscopy image must be recorded With 
the corresponding perspective and a 2D-3D registration of the 
2D ?uoroscopy image With the 3D mapping data is necessary. 
In practice, it may be su?icient for 2 x-ray images to be used, 
With the vieWing angle varying by 60°, for example, and for 
these tWo preferred directions to be registered once With the 
3D mapping data. The C-arm may then be moved to and fro 
betWeen these tWo preferred directions, possibly even auto 
matically, Without the need to repeat the registration. It is also 
possible, of course, to use a biplane C-arm system in Which 
the 2D-3D registration is carried out for each of the tWo C-arm 
recording systems. 
Of course, the images in question do not necessarily have to 

be displayed on the monitor of the EP mapping system, but 
may also be displayed on a standalone display unit or on the 
monitor of the x-ray system. 

In a preferred embodiment of this method and associated 
device, folloWing the 2D-3D registration for the current 
C-arm position the EP mapping system is sWitched to a mode 
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8 
in Which the vieWing orientation of the 3D mapping data is 
adjusted in real time to the current orientation of the C-arm 7. 
The image displayed thus rotates When the C-arm is moved. 
For this purpose the position parameters of the C-arm 7 are 
transferred, via a hardWare interface 21ifor example an 
Ethernet interfaceifrom the x-ray system 5 via the display 
unit 19 to the EP mapping system 1, in Which the vieWing 
orientation of the 3D mapping data is then changed depend 
ing on the current position of the C-arm 7, in order to receive 
the same perspective. This synchronization principle is illus 
trated in FIG. 6, in Which a change in the C-arm position is 
shoWn on the left. This change in position causes the vieWing 
orientation of the 3D mapping data 14 displayed on the moni 
tor 4 to change, as can be seen on the right of the diagram. 

In a further embodiment of this method and corresponding 
device, the display of the 3D mapping data on the monitor 4 
can be changed interactively by rotation. FolloWing the 
2D-3D registration for the current C-arm position, the EP 
mapping system 1 can be sWitched to a mode in Which chang 
ing the vieWing orientation of the 3D mapping data results in 
rotation of the C-arm 7. This is effected by means of a corre 
sponding control module 20. The C-arm 7 is moved into a 
position in Which the 2D ?uoro scopy images, When recorded, 
correspond to the current vieWing orientation of the 3D map 
ping data. The C-arm 7 thus moves according to the interac 
tive rotation of the 3D mapping data on the display. For this 
purpose, parameters of the current orientation of the 3D map 
ping data are transferred, via a hardWare interface 21, from 
the EP mapping system 1 to the control module 20, Which 
then controls the x-ray system 5 such that the C-arm 7 is 
moved according to the orientation of the 3D mapping data. 
This synchronization principle is illustrated in FIG. 7. Inter 
actively changing the orientation of the 3D mapping data 14 
displayed on the monitor 4 causes the C-arm 7 to move to a 
neW position and orientation, in Which a recorded 2D ?uo 
roscopy image Would correspond to the same perspective as 
the changed display of the 3D mapping data. In this Way the 
image can be displayed With the correct perspective Whenever 
a 2D ?uoroscopy image is recorded. 
The invention claimed is: 
1. A method of visually supporting heart examination or 

treatment using a catheter, the method comprising: 
inserting an electrophysiological catheter and catheters 

operative in conjunction thereWith into the heart of a 
patient; 

recording 2D ?uoroscopy images of an area of the heart 
under examination or treatment by an x-ray image 
recording system; 

determining 3D mapping data of the area generated by the 
electrophysiological catheter; 

determining a projection matrix relating the 3D mapping 
data and the 2D ?uoroscopy image; 

applying the projection matrix to the 3D mapping data to 
orient the 3D mapping data to correspond to the vieWing 
direction of the 2D ?uoroscopy image; and to allocate 
pixel of the 2D ?uoroscopy image to 3D points in the 3D 
mapping data; 

displaying the 3D mapping data side-by-side or simulta 
neously With the 2D ?uoroscopy image, Wherein the 3D 
mapping data and the 2D ?uoroscopy images have the 
same display perspective, comprising a same display 
scale and vieWed from a same orientation, and Wherein 
the 2D ?uoroscopy images shoW a current position of the 
electrophysiological catheter and the catheters operative 
in conjunction thereWith. 

2. The method according to claim 1, Wherein the 3D map 
ping data are displayed next to the 2D ?uoroscopy images. 
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3. The method according to claim 1, wherein the 3D map 
ping data are displayed next to an image content derived from 
the 2D ?uoroscopy images. 

4. The method according to claim 3, Wherein the image 
content derived from the 2D ?uoroscopy images is a contour 
of an object present in the area, the contour derived by seg 
menting the 2D ?uoroscopy images. 

5. The method according to claim 1, Wherein the 2D ?uo 
roscopy images are superimposed by the 3D mapping data. 

6. The method according to claim 1, Wherein the display 
perspective of the 3D mapping data is adjusted using an 
interactive rotation of the display of the 3D mapping data, and 
the x-ray image recording system is con?gured to record the 
2D ?uoroscopy images from a display perspective according 
to the adjusted display perspective of the 3D mapping data. 

7. The method according to claim 1, Wherein determining 
the 3D mapping data includes recording landmarks of the 
area, the landmarks identi?able in the 2D ?uoroscopy 
images. 

8. The method according to claim 1, further comprising 
registering the 2D ?uoroscopy images With the 3D mapping 
data including adapting a surface, the adapting of the surface 
including matching a 3D surface shape of at least part of the 
area With at least one contour of at least part of the area, the 3D 
surface shape determined from the 3D mapping data, and the 
contour of at least part of the area determined from the 2D 
?uoroscopy images. 

9. The method according to claim 1, Wherein the x-ray 
image recording system is calibrated relative to a plurality of 
different display perspectives. 

10. The method according to claim 9, further comprising 
determining a position of a 3D coordinate system assigned to 
the x-ray image recording system relative to a 3D coordinate 
system assigned to the 3D mapping data. 

11. The method according to claim 10, Wherein the x-ray 
image recording system is calibrated relative to tWo different 
display perspectives, and the 2D ?uoroscopy images are 
recorded relative to the tWo different display perspectives. 

12. The method according to claim 10, Wherein registering 
the 2D ?uoroscopy images With the 3D mapping data is 
carried out automatically based on the calibration and the 
determined position. 

13. The method of claim 1 Wherein the projection matrix 
has a calibration portion, a rotation portion and a translation 
portion, the projection matrix for use in displaying the 2D 
?uoroscopy images and the 3D mapping data With the same 
display perspective. 

14. The method of claim 13 Wherein the catheter is inserted 
into a patient and Wherein When the patient table is moved the 
projection matrix is recalculated. 

15. The method of claim 1 Wherein the steps of recording 
2D ?uoroscopy images and determining 3D mapping data are 
initiated by a common trigger. 

16. A device for visually supporting heart examination or 
treatment using a catheter, the device comprising: 

at least one input interface for simultaneously acquiring 3D 
mapping data generated by a catheter and image data 
corresponding to 2D ?uoroscopy images generated by 
an x-ray image recording system; 

a registration module con?gured for registering the 2D 
?uoroscopy images With the 3D mapping data using a 
projection matrix that relates the 3D mapping data and 
the 2D ?uoroscopy images by applying the projection 
matrix to the 3D mapping data to orient the 3D mapping 
data to correspond to the vieWing direction of the 2D 
?uoroscopy image pad to allocate pixels of the 2D ?uo 
roscopy images to 3D points in the 3D mapping data; 
and 
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a display module connected to the registration module, 

Wherein the display module is con?gured to simulta 
neously display the 3D mapping data and the 2D ?uo 
roscopy images relative to the same display perspective, 
comprising a same display scale and vieWed from a same 
direction, and Wherein the 2D ?uoroscopy images shoW 
a current position of the catheter. 

17. The device according to claim 16, Wherein the 3D 
mapping data are displayed next to the 2D ?uoroscopy 
images. 

18. The device according to claim 16, Wherein the 3D 
mapping data are displayed next to an image content derived 
from the 2D ?uoroscopy images. 

19. The device according to claim 18, further comprising a 
segmentation module for segmenting the 2D ?uoroscopy 
images, the segmentation module con?gured to determine a 
contour of an area of the heart under examination or treat 
ment, the contour being the image content derived from the 
2D ?uoroscopy images. 

20. The device according to claim 16, Wherein the 2D 
?uoroscopy images are superimposed by the 3D mapping 
data. 

21. The device according to claim 16, Wherein registering 
the 2D ?uoroscopy images With the 3D mapping data 
includes processing landmarks included in the 3D mapping 
data, the landmarks identi?able in the 2D ?uoroscopy 
images. 

22. The device according to claim 16, Wherein the regis 
tration module is con?gured to execute the registration by 
applying a surface matching algorithm. 

23. The device according to claim 22, Wherein the regis 
tration module is con?gured to execute the registration in a 
?rst rough and a second re?ned step, the ?rst rough step 
comprising processing landmarks included in the 3D map 
ping data, the landmarks identi?able in the 2D ?uoroscopy 
images, and the second re?ned step comprising the surface 
matching algorithm. 

24. The device according to claim 23, Wherein the surface 
matching algorithm comprises matching a 3D surface shape 
of at least part of the area With at least one contour of at least 
part of the area, the 3D surface shape determined from the 3D 
mapping data, and the contour of at least part of the area 
determined from the 2D ?uoroscopy images. 

25. The device according to claim 24, Wherein the area is a 
heart ventricle. 

26. The device according to claim 16, Wherein the regis 
tration module is con?gured for automatically registering the 
2D ?uoroscopy images With the 3D mapping data based on 
calibrating data of an image recording system for recording 
the 2D ?uoroscopy images and on a position of a 3D coordi 
nates system assigned to the image recording system relative 
to a 3D coordinates assigned to the 3D mapping data. 

27. The device according to claim 16, Wherein the display 
module is con?gured for automatically adjusting a display 
perspective of the 3D mapping data based on a current record 
ing setting of the image recording system. 

28. The device according to claim 16, further comprising a 
control module for controlling an image recording system for 
recording the 2D ?uoro scopy images, Wherein controlling the 
image recording system includes interactively rotating the 
display of the 3D mapping data for adjusting a recording 
position of the image recording system to be in compliance 
With a display perspective of the 3D mapping data corre 
sponding to the rotated display. 

* * * * * 


